THE EFFECTS OF INTERFACE REACTIONS ON ELECTRICAL CHARACTERISTICS OF METAL-GaAs
Solid-state interface reactions between metal thin films and (100) GaAs substrates at e 1 eva ted temperature are studied by convent i ana 1 
and heavy ion
Rutherford backscattering spectrometry, x-ray diffraction and transmission electron microscopy. Metals investigated in this study include Pt, Pd, Ni, Co, Rh and W. Electrical properties of the metal/n-GaAs diodes undergoing annealing treatments at various temperatures were also measured with the current-voltage dependence. Optimum diodes with maximum barrier heights as well as minimum ideality factor and leakage currents are obtained for diodes annealed at temperatures at which a uniform thin layer of reacted phase is observable at the interface. The barrier heights of the optimum diodes show a linear dependence on the work functions of the various metals. The electrical properties of these diodes are discussed in terms of a recently proposed amphoteric native defect model.
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According to the classical theory of Schottky [1] , a metal coming in contact with a semiconductor creates a potential difference, the Schottky barrier height. This barrier is equal to the difference between the metal work function, 0m and the semi conductor e 1 ectron i c affinity. Although Schottky • s mode 1 was proposed to exp 1 a in ide a 1 meta 1-semi conductor contacts, mast experimental results showed that it did not apply to real diodes. In 1947
Bardeen [2] suggested that interface states are important in the "pinning" the Schottky barrier resulting in the insensitivity of the barrier heights to the metal work functions.
Recently, many new models on the Schottky barrier formation mechanisms have been proposed [3, 4] to explain experimental results obtained in ultra-high vacuum on atomically clean semiconductor surfaces [5] . One of these models, proposed by Spicer et al [6, 7] assumes that the Fermi level position is determined by native defects formed at the interface. Although the simple defects ( vacancies [6] , antisites [8, 9] , etc.) were considered, none of them could be positively identified as the defect responsible for the Fermi level pinning. It has been shown recently [10] 
where J is the current density, A* is the effective Richardson constant (taken to be =8.16 A/cm 2 tK 2 in this work), k is the Boltzmann constant, Va is the applied voltage, q0bn is the Schottky barrier height of the diode and n is the ideality factor which is ~1 if the thermionic emission process dominates. Table I behavior after annealing at 300°C and remains so up to 600°C. This can be attributed to the balling up of the native oxide at high temperatures resulting in an intimate contact between the W and the GaAs [13] . In addition, W, being the most electropositive of the metals studied, may react with the GaAs native oxide [14] . Note that the ideality factors for these diodes deviate significantly from unity (n-1.2). This is mainly due to the high doping concentration of the substrates {n=2-3X1o 17 cm-3 ). An exception is the W diode {n=l.05) which has a better interface as a result of sputter deposition. These values of n are in good agreement with the results of Zussman [15] who explored the effects of high substrate ·doping and different deposition techniques on the diode characteristics.
Degradation in the diode properties for Co, Ni, and Pd diodes is observed after annealing at temperatures higher than 350°C. This can be correlated to the formation of laterally irregular interface morphology of the diodes resulting from the disintegration of the intermediate ternary phases and precipitation of binary phases at this temperature range. Degradation of the Pt diode starts at temperatures higher than 500°C due to the interdiffusion of Pt and Ga and As atoms at the interface region as observed by Yu et al [16] and Sands et al [17] . The Rh diode experiences a degradation at -400°C and a recovery at -450°C with final degradation at -600°C. This is due to the fact that the metastable phase RhAs formed at 300°C at the interface becomes unstable at -400°C and the stable RhAs 2 phase starts to nucleate. As a result the diode interface becomes laterally non-uniform. As the RhAs 2 /grows and forms a uniform layer at the interface, good diode properties resume. The degradation of the Rh diode at >600°C is believed to be the effect of interdiffusion of the Rh and Ga and As atoms similar to the Pt diode [18] . Such interdiffusions are also observed for the W diode after annealing at temperatures >650°C and account for the degradation of the W diode at these temperatures [13] . The presented experimental data can be understood in terms of he recently proposed amphoteric defect model [10] . In this model the barrier height is determined by the pinning of the Fermi energy in the energy range 0.5 to 0.7eV It is known that the surface preparation technique used in the present work leads to an oxidized surface [17, [19] [20] [21] with Fermi level pinned at -0.7
eV above the valence band [22] . 
